5G NR network deployment is now
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Mobile Data Traffic Growth: it is happening!

Data traffic growth: CAGR (2016 — 2021): 47% Ref: Cisco VNI mobile, 2017
Ref: Ericsson Mobility Report June 2018  [EZEZR{EoKe)R-oki 60 i
to Q1 2018 -
— 16 I Mabile Audio
£ & B Mabile Web/Data/VolP
g 1 g B Mabile Video
g 1 é «
0 2
10 3
5 2
X 8
= B Data
o , 20
2 6 B Voice
Er
£ 2
sy :
g o kL L LLLLLLLLELLELLL 016 2017 2018 19 200 2020
= g S < S N N N on W W W WM~ M~ M~
g o =24 o =24 =4 o2 o o = A = |Jd] d = = |
O 0O 0O 00 0 0O 0 0o 0 0O 0|0 O O |o
NN N NN NN AN AN N NN INAN N NN . .
R EEEEEEERIEERA M ' Absolute amount of data: 3-fold inc. in 3 yrs!

1 Operators have to invest for higher capacity

Voice does not include VolP. Traffic does not include DVB-H, Wi-Fi, or Mobile WiMAX.
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4G today and 5G technology forecast ST
B GSM/EDGE-only

[ CDMA-only

Mobile subscriptions by region and technology 2023 (percent) I Other

50% 34% 21% 48%
83%

I GSA Reports (August ‘“18):
= 681 commercially launched LTE or LTE-
Advanced networks in 208 countries.
39 cat. 18 devices (4 networks
supporting cat. 18 speeds)

= 67 telecom operators in 39 countries
have announced intentions of making
5G available to their customers
between 2018 and 2022

. India Middle East  South East  Central and Latin North East ~ Western North
Source: GSA Evolution from LTE to 5G report, August 2018 and Africa Asia and Eastern America Asia Europe America
https://gsacom.com/paper/5g-evolution-lte-global-market-status/ Oceania Europe

Source: Ericsson Mobility Report June 2018



https://gsacom.com/paper/5g-evolution-lte-global-market-status/
https://www.ericsson.com/assets/local/mobility-report/documents/2018/ericsson-mobility-report-june-2018.pdf

Europe
Frequency trends for 5G
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Key challenges related to 5G NR RAN

New spectrum

1 Even 3.5 GHz is different from
today’s frequencies

g
1% i

10 20 30 40 50 60 70 80GHz

1 What about coverage?
1 Spectrum clearance?

Beamforming for Synch.
and Broadcast Signals
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Flexibility of air interface

and gNB configuration

1 Bandwidth:
5, 10, 15, 20, 25, 30, 40, 50, 60,
80, 100 MHz (FR1)
50, 100, 200, 400 MHz (FR2)

1 Subcarrier Spacing:
15, 30, 60 kHz (FR1)
60, 120, (240) kHz (FR2)

1 Mapping onto antenna ports:
single beam / multi beam
sweeping

> New technology elements drive the need for (and complexity of)

5G NR network measurements
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5G Use Cases drive the need to test
Required RAN

5G Use Cases ===l Network =) operation & —E——)

Characteristics performance

enhanced Mobile
Broadband

Data rate Capaci
eMBB paciy
Mobility @ Low latency
((Conr) (=)
Secure & reliable eNB /C\ e g\NB
Massive Machine Ultra reliable & EPC

Type Communication low latency
communication
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https://www.rohde-schwarz.com/us/solutions/test-and-measurement/wireless-communication/wireless-5g-and-cellular/5g-test-and-measurement/5g-videos/demystifying-the-5g-nr-physical-layer_234138.html

Bandwidth Parts (BWP)

I BWP: Contiguous subset of physical resource blocks on a given carrier for a given numerology

? A BWP 3 BWP 3 Fixed

(]

5 _ numerology

(o

g Carrier N BWP2 | BWP4 | Bwp2 per BWP!

Carrier 1
BWP 1 BWP1

—
time

I A UE can be configured with up to four carrier bandwidth parts in downlink/uplink with a

single downlink/uplink carrier bandwidth part being active at a given time.

1 UE is not expected to receive outside an active DL BWP

1 UE shall not transmit outside an active UL BWP
1 Active BWP can be switched by DCI

ROHDE&SCHWARZ
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DCI: DL Control Information
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How can a UE identify a 5G carrier?

First action of UE looking for 5G cell: search for Synchronization Signals

Carrier BW

- = m -
0p)
wn
frequency
—

SSB = SS/PBCH block
1 One SSB is always transmitted - the only Always-On signal in 5G NR!
1 The 5G NR UE uses the SSB for
= Synchronization

= System information (MIB/SIB)
= Cell and Beam quality measurements




SSB (or SS/PBCH Block)

1 Time domain:
SS/PBCH block consists of 4 OFDM

symbols, where PSS, SSS and PBCH sc#30 @ SO Q sc#a
with associated DM-RS occupy = 3
different symbols SC#182 SC #182

I Frequency domain:
SS/PBCH block consists of 240
contiguous subcarriers

PBCH PBCH

(20 RB) (20 RB)

240 SC (20 RB)

1 Like in LTE, the PCI can be determined
from the used PSS/SSS sequences

Symbols
PSS: Primary Synchronization Signal =~ SSS: Secondary Synchronization Signal 1
PBCH: Physical Broadcast Channel DM-RS: DeModulation Reference Signal 0

ROHDE&SCHWARZ
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SS/PBCH Blocks

Occurrence in the frame: Case A, Band C

Case A (15kHz)
f <3GHz (L=4)
3 <f<6GHz (L=8)

Case B (30kHz)
f <3GHz (L=4)
3 <f<6GHz (L=8)

Case C (30kHz)
f<3GHz (L=4)
3 <f<6GHz (L=8)

ROHDE&SCHWARZ
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SSB - in single beam or multi beam configuration

' i Single B
I SSB index is used to separate SSB ngie Beam

transmission on different beams )<> W W W W HHW HWH

(encoded in the MIB)

I Mapping of antenna ports and
physical beams to the SSB index can

differ between infrastructure suppliers m)))( Jﬂ]w m mw Hw

Multi Beam sweeping

X

Joe

time

1 SS Bursts can also be repeated ssE|sse/ssesse _ [sse| . [sselsse|sselsse . [ssB
. L. . ) . 0|12 3 m 0|1]2]3 m
(periodicity is given in MIB) — SSbusto —»  +—— ssbusts ——

» 5G NR network measurements need to cope with high flexibility and configurability
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SSB and different beams — ,beamforming*

I Demodulation of the PBCH -> determines the SSB index and
—> distinguishes between the periodically broadcasted SSBs

1 Each SSB uses different DM-RS embedded in the PBCH

I Example: Case A with subcarrier spacing of 15 kHz and 8 SSB indices

< sms R
Case A (15kHz) B -
< tsooHe (= (I [ O [
0 1 2 3 4 5 6 7 = Blockindex 0...L 41
TS -
/ ¥ Different beams / SSB indices

» Beamforming of synchronization signals and broadcast information via 5G NR SSBs

ROHDE&SCHWARZ
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Field Deployments

Preparation: NSA (Non-Standalone) mode network measurements
I How easy is the multi-technology scanner configuration (5G NR and LTE)?

Channels

Name SsSref[MHz] YGSCN Band SSB Pattern)SSB Peru}dlcmr Rate[Hz] Advanced
~ | 5G MR Channel 1 ( I ) ( 20 ms 10,00 =Customz w

Test 1: RF measurements Test 2: Test 3:

per SSB index SSB / beam ranking Coverage visualization

1 Average 1 History of best beams 1 RSRP in statistical

1 Over time over time evaluation

1 Real-time I Best beam index over 1 Coverage over

geography geography

ROHDE&SCHWARZ
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Test 1 — scanner configuration

» Multi-technology scanner configuration (5G NR and LTE) /

Testl: RF measurements
per SSB index

1 Average
1 Over time
1 Real-time




Test 2— RF measurements

» 5G NR RF data collection, analysis and visualization performed /
in prepared and self-configurable views

Test 2:
SSB / beam ranking

1 History of best beams
over time

1 Best beam index over
geography

ROHDE&SCHWARZ
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Test 2: Can we map the SSB indices on beams?
How does beamforming work?

Heat map
1 First approach: Beam switch PCI switch (e.g. SS-RSRP)

N

Assumption: Each SSB index can be
mapped to a certain beam PC|<

W

Strongest SSB index
1 How to analyze that? is shown

Blancne*;

Use map feature and display the
strongest SSB index on a map

ROHDE&SCHWARZ
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Main take-away —
SSB / beam ranking

» SSB /beam index visualized
over time (history) and on

the map ‘/

Test 3:

Coverage visualization

1 RSRP in statistical
evaluation

1 Coverage over
geography

ROHDE&SCHWARZ
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Main take-away —
Coverage

» Expected UE sensitivity:
~-120 dBm (SS-RSRP)

» Surprisingly good SSB
coverage in suburban area

» Analog SSB beamforming
allows for long radio range

v
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gNB configuration options:
Single Beam Example

P
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gNB configuration options: <

Multi Beam Example
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Main take-aways from first drive tests in 5G NR networks

IESMAP Route View - Box o ROMESMAP Route Track Vi iew = 2
0P ecificl1] SSRSRPI1] R85 5G NR Scanner (TSWEI(1] = Value: ANEEC RN CBEERY) ™ - - Vale: AR AR AN,
S EEAaY Xk Na @ [ ] HEEEE S @R QX ENa @ [ ] EENE
161 sanGlorgio 7 A 1) S S B B f H sanGiorgio: o diff indi 2
) Laritrs, cqmm_l Vimercate' alLambro,_Same PCI ifferent SSB indices -
urprisingly goo 31 e eamforming : ks
Vmercare(enlrc Osp / A 3 2 =

can be verified in
field measurements

Conmmm

coverage @ 3.75 GHz il s
due to beamforming / )

4 Brianz.
Crmnago Acomblgo
g™

SantAlbino \& 5 Cambiat
\mnazza dei
Mandelli

Mapping beams on , ‘ i N
SSBs is possible Sy <SHRE RS

arroti
Torrazza dei
Mandelli

1‘. ps;a}f!é‘;ﬁiparnagp“‘
oy - '2\‘

-125 dBm (SS-RSRP)
Distance: ~ 6.5 km !!
In suburban environment

5G NR SSB / beam configurations are very flexible and Number of received SSBs / beams depends on
can be verified by fleld measurements LOS / NLOS scenario

x P | oo [N prrep—y E
[ cear ] g PCiFaer: [peamIPc mesmg PO @ anytraaumnsy - [ow - KiFaer | e 0 Besma o, @ anytraaumnsy - [ow - LT & anyrrenvency (o=
= = L =
s 2 - o § o § w
3 £ £
. B 200 w B mo . 50 "
2 “n i ano i
= 100 00 -
E o o T | E | 3 .
3 E g a0 g s L. g
s B H] s 2§ s PR = =
& i8 T g & aw g & g
& 1 3 0 & 3 0 & B o I
: ] 2 ¥ ] . z
b 2§ 2 e 4 2 A H -
E B wmn
52 52
2200 1m0
b -
Erery 0 400 s
os 1on 300
. - / - - / s 0 o 0 wn |+ |+ |+ |+ |+ |+
10 won won 3 .
sSuswiae | a70 uu mu ||xr mu nu ms 550580 (Bl m m.: -uu ||xr mu nu ms soneim | oae e
sswE | 30 as sssmnlasl i ssam
Swojm s s e : an e Swwo@ ks s wm | wm o an e

o ma ) s w25 |



Conclusion

5G NR commercial mass rollout expected in 2019/2020 — pre-commercial trials now!

New technology elements drive the need for (and complexity of)
5G NR network measurements

Commercial 5G NR network measurement solution available by Rohde & Schwarz

Pre-commercial trial measurements reveal surprisingly good SSB coverage due to
analog SSB beamforming

I 5G NR network measurements need to cope with high flexibility and configurability
>

Rohde & Schwarz MNT is committed to support the industry with network test

solutions from early trial phase to network optimization and benchmarking
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“If you want to go fast, go alone.

If you want to go far, go together!” http://www.rohde-schwarz.com/MNT-5G

http://blog.mobile-network-testing.com/

African proverb
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